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PreviewChanging Fates
on the Road to Neuronal Diversity
One of the longstanding goals of neurobiologists is
to describe, in molecular terms, how a neural progeni-
tor cell (NPC) can generate an ordered series of
uniquely fated neurons and glia. Recent studies re-
veal that many, or all, neural-subtype identities can be
linked to sequentially changing regulatory programs
within NPCs. Two new studies, in this issue of De-
velopmental Cell, provide novel insights into the mo-
lecular details of how Drosophila NPCs transition
from one offspring identity program to the next.
During nervous-system development, uniquely fated
neurons and glia are generated from multipotent NPCs,
which are defined by their ability to produce two or
more neuronal and/or glial subtypes. There now exists
a growing body of evidence indicating that many, if not
all, NPCs in both vertebrates and invertebrates transi-
tion through a series of successive developmental
competence states to generate an ordered array of
uniquely fated cells. Current dogma has it that different
cell-fate programs are active in the successive NPC
competence states and that they in turn provide their
offspring with unique sets of regulators that initiate
specific cell-identity programs (reviewed by Harris,
2001; Livesey and Cepko, 2001; Brody and Odenwald,
2002; Pearson and Doe, 2004).
In the developing Drosophila embryo, ventral-cord
NPCs called neuroblasts (NBs) differentiate from speci-
fied subpopulations of neuroectodermal cells via a re-
markably orchestrated series of events that involve
both cell-extrinsic signaling cues and cell-intrinsic fac-
tors (reviewed by Skeath and Thor, 2003; Zhong, 2003).
As a result of these combinatorial events, nascent NBs
also acquire unique positional identities. NBs then alter
their cell-adhesion properties, exit the neuroectoderm
via a process known as delamination, and move inward
to take up residence in a subectodermal layer called
the proliferative zone (PZ). One fascinating and poorly
understood aspect of the inward migration is that it oc-
curs in staggered waves, with each NB having a de-
fined early, middle, or late PZ arrival time. Soon after
they reach the PZ, NBs initiate their lineage de-
velopment with a defined series of asymmetric divi-
sions generating a smaller basally orientated ganglion
mother cell (GMC) with each mitotic event. GMCs di-
vide once to yield either neurons or glia, and in most
ventral-cord lineages, the first-born are pushed deeper
and deeper into the developing ganglia by subsequent
rounds of NB and GMC divisions (Figure 1A).
Previous studies, described in the reviews cited
above, have collectively shown us that many of the
early delaminating NBs sequentially express the tran-
scription factors Hunchback (Hb), Krüppel (Kr), Pdm-1
and -2 (Pdm), Castor (Cas), and Grainyhead (Grh) dur-
ing lineage development and that these factors act as
determinants of birth-order identity. The successive
expression of Hb/Kr/Pdm/Cas/Grh in NBs andtheir perdurance in offspring results in layered expres-
sion domains throughout the embryonic CNS (Figure
1B). NB lineage tracings reveal that multiple neural sub-
types make up all layers. Both loss-of-function and
gain-of-function studies on many of these factors de-
monstrate that they play essential roles in specifying
functional identities. Although crossregulatory interac-
tions have been demonstrated for some of these
factors (detailed in Brody and Odenwald, 2002; Pear-
son and Doe, 2004), our understanding of how these
developmentally instructive states are maintained is far
from complete. Currently, we know little about the pro-
cesses and molecules that regulate the sequential ex-
pression of these transcription factors, and we are
equally in the dark about the how they promote dif-
ferent cell-identity programs.
In this issue of Developmental Cell, papers by
Grosskortenhaus et al. and Kanai et al. describe a
series of interrelated experiments that shed new light
on the timing mechanisms that regulate the temporal-
identity transitions. Initially focusing on the Hb/Kr
transition, Grosskortenhaus and colleagues show (1)
that Hb protein-expression dynamics are primarily reg-
ulated at the level of gene expression and not posttran-
scriptionally and (2) that NB cytokinesis is essential for
triggering the Hb/Kr switch but repeated rounds of
cell cycle events such as DNA replication are not, thus
raising the interesting possibility that GMC/NB feed-
back signaling may be required for the initial Hb/Kr
switch. The authors next asked if cell-cycle-dependent
mechanisms were required for the later Kr/Pdm/Cas
transitions. Their analysis yielded an unexpected and
rather surprising find. Using hb,string double-mutant
embryos (NBs form but remain G2 arrested), they found
that not only do NBs transition though the Kr/Pdm/
Cas expression windows, but the timing of these transi-
tions is also indistinguishable from that of wild-type
NBs. Based on the observation that G2-arrested NBs in
string single mutants extend Hb expression and do not
sequentially express the other factors, Grosskorten-
haus et al. conclude that Hb negatively regulates the
“late timer” and that this NB-intrinsic “hardened”
mechanism is impervious to changes in cell-cycle pro-
gression, asymmetric partitioning of factors, feedback
signaling from GMCs, and changes in nucleo-cyto-
plasmic ratios.
Also studying the Hb/Kr transition, Kanai and col-
leagues now show that the nuclear receptor Seven-up
(Svp), a homolog of the human COUP transcriptional
repressor, is required for silencing Hb expression. Using
an array of markers to identify specific ventral-cord
NBs and/or their offspring, the authors demonstrate
that Svp makes only a transient appearance in many
NBs and that its on-off expression coincides with the
silencing of Hb. Kanai et al. next followed the de-
velopment of specific NB lineages in svp loss-of-func-
tion mutants and in transformant embryos that misex-
press Svp at different stages. In the absence of Svp,
they found that there was an increase in the number of
neurons within lineages that express early markers and
a corresponding reduction in those that express late
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134Figure 1. Sequential NB Gene-Expression
Programs Generate Layered Temporal-Iden-
tity Domains within the Drosophila Embry-
onic CNS
(A) Ventral-cord NB-lineage development.
Many NBs sequentially express the tran-
scription factors Hb/Kr/Pdm/Cas/Grh
(arrowheads denote changes within a single
NB). GMCs inherit the expression of the tem-
poral-identity regulator that was present in
the NB at the time of their birth, and their
nascent neurons or glia also transiently ex-
press the factor. Early/first-born Hb-express-
ing cells are pushed deeper into the de-
veloping ganglion by their younger siblings,
resulting in birth-order-determined layered
expression domains.
(B) Lateral view of an approximately 12-hr-
old (stage 13) embryo immunolabeled for
Hb- (green) and Cas-(red) expressing cells
(anterior, left; dorsal, down). At this time,
most NBs in all ganglia are generating Cas-
positive sublineages.markers. Premature misexpression in NBs, but not mis- W
Nexpression in nascent neurons, resulted in a reduction
of neurons expressing early markers. The imbalance N
Nbetween early and late fated neurons in svp mutants
could be traced to the Hb/Kr transition. Interestingly, 9
Bthe authors also provide evidence that some or all NBs
that never activate Svp expression (principally the late
PZ arrivals) also initiate their lineage development with-
Sout expressing Hb. Their analysis of hb, svp, and Kr
single-, double-, and triple-mutant embryos further
B
support their hypothesis that the primary function of 3
Svp is to control the Hb/Kr switch and that this transi- G
tion allows for the initiation of late lineage programs (
by eliminating Hb-mediated repression of late identity H
factors. In light of the Grosskortenhaus et al. study, it K
is reasonable to posit that Svp regulation may be cell- 2
cycle-dependent. L
As with all good science, the work of Grosskorten- 1
haus et al. and Kanai et al. not only moves the field P
6forward, but it also provides us with a new set of fasci-
Snating questions about the molecular machines that
drive NPC-lineage development. Zard F. Odenwald
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